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Introduction 3 9
Antibiotic-producing and antibiotic-resistant bacteria (ARB) naturally and ubiquitously 4 0 occur in the environment (Anukool et al., 2004; Wellington et al., 2013) . However, with 20% glycerol and stored at -80 C° until DNA extraction. Metagenomic DNA was 1 0 0 extracted from 200 µl of frozen samples as described previously (Godon et al., 1997) . Diego, CA). A dual-indexing approach for multiplex 16S rRNA sequencing targeting the 1 0 4 V3-V4 hypervariable region of the 16S rRNA gene was employed as described by 1 0 5 (Fadrosh et al., 2014) , using the 300 bp paired-end protocol to sequence a pool of 24 1 0 6 samples. Untrimmed paired-end reads were assembled using the FLASH assembler, 1 0 7 which performs error correction during the assembly process (Magoc & Salzberg, 2011) . After removal of the barcodes, heterogeneity spacers, and primer sequences, there 1 0 9 were a total of 1.4 million joined reads with a median length of 424 bases and a median 1 1 0 number of 57860 joined reads per sample. Joined reads were further analyzed using the QIIME microbial community analysis 1 1 3 pipeline (version 1.8.0) (Caporaso, Kuczynski et al., 2010) . Joined reads with a minimum 1 1 4 of 97% similarity were assigned into operational taxonomic units (OTUs) using QIIME's open-reference OTU calling workflow. This workflow was used with the "-m usearch61" 1 1 6 option, which uses the USEARCH algorithm (Edgar, 2010) for OTU picking and 1 1 7 UCHIME for chimeric sequence detection (Edgar et al., 2011) . et al., 2010) . Highly variable parts of alignments were removed using the 1 2 3 filter_alignment.py script, which is part of the pick_open_reference_otus.py workflow. Subsequently, filtered alignment results were used to create an approximate maximum-1 2 5 likelihood phylogenetic tree using FastTree (version 2.1.3) (Price et al., 2010) . For more 1 2 6 accurate taxa diversity distribution (Bokulich et al., 2013) , OTUs to which less than 1 2 7 0.005% of the total number of assembled reads were mapped, were discarded using the 1 2 8 filter_otus_from_otu_table.py script with the parameter "--min_count_fraction 0.00005". The filtered OTU table and generated phylogenetic tree were used to assess within- PCR was lowered to 56°C. Other technical details of the nanolitre-scale quantitative PCRs to quantify levels of 1 4 9 genes that confer resistance to antimicrobials (antibiotics and disinfectants, specifically 1 5 0 quaternary ammonium compounds (QACs)) were described previously (Buelow et al., 1 5 1 2017), with some modifications in the collection of primers. Primers that were negative 1 5 2 for all samples tested in the previous study, or gave unspecific amplification were supplementary data, updated and novel primers and targets are highlighted with a grey 1 5 5 background ( Supplementary Table 1 ). used to test for significance; p values were corrected for multiple testing by the 1 6 5
Bittinger
Benjamin-Hochberg procedure (Benjamini & Hochberg, 1995) with a false discovery rate 1 6 6 of 0.05. The composition of the microbiota in hospital sewage, urban and suburban WWTP 1 7 2 influents, the effluent of the urban WWTP and the surface water in which the effluent MiSeq platform ( Figure 1A and Supplementary Table 2 ). At all sample sites, the Bacteroidales and Clostridiales) that are likely to originate from the human gut (Rajilic- Ruminococcaceae (6.3%). Both raw sewage influents (urban WWTP influent, suburban 1 9 3 WWTP influent) clustered together and in both sites, the same three bacterial taxa were 1 9 4 most abundant (Arcobacter: 17.9% in urban WWTP influent; 17.5% in suburban WWTP 1 9 5 influent; Aeromonadaceae: 11.2% and 12.4% respectively; Carnobacteriaceae, 9.4% 1 9 6 and 8.3% respectively). Variation of the microbiota composition between the different 1 9 7 samples dates at the six sites was limited; with the urban WWTP influent and effluent the other release pipe (river site 1) was slightly different and is defined by the following 2 0 5 three most abundant OTUs: Comamonadaceae, 7.5%, Intrasporangiaceae, 6.1% and 2 0 6
Candidatus Microthrix, 6.1%. samples. The normalized abundance of 11 out of 13 classes of ARGs was significantly 2 1 4 (p<0.05) higher in hospital sewage than in the urban WWTP influent, particularly so for higher in hospital sewage) and vancomycin resistance genes (175 ± 14-fold higher in 2 1 7 hospital sewage, based on the three days when vancomycin resistance genes could be 2 1 8 detected in the WWTP influent). Only one class of resistance genes (conferring 2 1 9 resistance to streptogramins) was significantly less abundant (p<0.05) in hospital 2 2 0 sewage than in WWTP influent. The combined levels of chloramphenicol and quinolone 2 2 1 resistance genes were not different between the sites. Seven ARGs (two 2 2 2 aminoglycoside resistance genes, aph(2")-Ib and aph(2")-I(de), the quinolone resistance lactams, chloramphenicols, macrolides, polymyxins, puromycins, trimpethoprim, 2 3 0 quinolones, and tetracyclines), the levels of ARGs in the urban WWTP effluent were 2 3 1 significantly (p <0.05) lower than in the WWTP influent (ranging between a 7.6 ± 2.2-fold 2 3 2 reduction for macrolide and intrinsic (efflux) resistance genes to a 2.8 ± 0.9-fold changing significantly in abundance (Figure 2 and Supplementary Table 3 ). The levels of Supplementary Table 3 ). Our study demonstrates the considerable efflux of ARGs from hospitals through sewage. Effluents from WWTPs are thought to contribute to the dissemination of pollutants, multi- et al., 2013; Karkman et al., 2017) . Particularly high amounts of ARB have 2 5 2 previously been reported in hospital sewage (Diwan et al., 2010; Wellington et al., 2013;  2 5 3 et al., 2013; Harris et al., 2014; Berendonk et al., 2015) . Large amounts of 2 5 4 antibiotics and QACs are used in hospitals and these may promote the establishment of et al., 2014; Varela et al., 2014) . Here we show that the relative abundance of a 2 5 7 broad range of ARGs conferring resistance to 11 classes of antimicrobials is significantly hence allowing for analysis of the treatment efficacy on the removal of ARGs relative to 3 0 7 16S rRNA in these particular WWTPs.
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Advanced water treatment methods have been proposed as a selective measure for 3 0 9 hospital wastewater, specifically to decrease pharmaceuticals and the release of pathogens by hospitals (Lienert et al., 2011) . For the investigated municipal WWTP, 3 1 1 hospital wastewater seems to play a limited role for the level of resistance genes in the 3 1 2 influent and effluent. Our findings suggest that -in the presence of operational WWTPs-3 1 3 hospital-specific sewage treatment will not lead to a substantial further reduction of the 3 1 4 release of ARGs into effluent. for ecological and evolutionary analyses of bacteria and archaea ISME J 6: 610-618. 16S rRNA -normalized abundance of ARGs detected in all samples. ARGs are grouped according to resistance gene families (aminoglycosides; B, bacitracin, β -lactams; C, chloramphenicols; macrolide / intrinsic resistance; P, polymyxins; Pu, puromycins; Qa, QAC resistance genes; Qi, quinolones; St, streptogramins; Su, sulphonamides; tetracyclines; Tr, trimethoprim; V, vancomycin). The colour scale ranges from bright red (most abundant) to bright yellow (least abundant). White blocks indicate that a resistance gene was not detected. The different sampling time points are indicated as t1 (Monday 31 March 2014); t2 (Wednesday 2 April 2014); t3 (Monday, 7 April 2014); t4 (Monday, 14 April 2014).
